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ABSTRACT    
 
BACKGROUND: Intake of fiber and antioxidants and following 
hypocaloric diets has beneficial effects on reduction of the liver 
enzymes. Fruits and vegetables are low in calorie and rich in fiber 
and antioxidants. There are few studies about special dietary 
effects on liver function. The aim of this study was to evaluate the 
association between fruit and vegetables intake and liver function 
enzymes. 
METHODS: This cross-sectional study was conducted on 265 
Tehrani healthy adults. Fruit and vegetable intake was assessed by 
a 147-items semi-quantitative food frequency questionnaire. Serum 
glucose, lipids, liver enzymes (alanine aminotransferase (ALT), 
aspartate aminotransferase (AST)), hs-Crp and body composition 
were measured in a fasting state. 
RESULTS: The mean age (± SD) of the participants was 35 ± 8.78. 
In the higher quartiles of vegetable intake, low-density lipoprotein 
(LDL) serum and total cholesterol (TC) levels were lower after 
adjusting for confounders (p = 0.03 and 0.02 respectively). 
Individuals in the upper quartile of vegetable intake were less likely 
to have elevated ALT (OR=0.21; 95% CI =0.08-0.49) and AST 
(OR=0.33; 95% CI =0.15-0.75) levels before adjusting for 
confounders. After controlling for potential confounders, only the 
association between vegetable intake and ALT level remained 
significant (OR=0.32; 95% CI =0.12-0.90). Liver enzymes had no 
significant relationship with the quartiles of fruit intake. In the 
higher quartiles of fruit intake, the visceral fat rating was lower 
after adjustment (p = 0.04) but not in the higher vegetable intake (p 
= 0.50).  
CONCLUSIONS: The results of this study showed that vegetable 
intake is reversely associated with LDL, TC and ALT level in 
Tehrani healthy adults, whereas fruit intake is only associated with 
lower visceral fat rating.  
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Metabolic diseases are increasing among many 
communities. Obesity, nonalcoholic fatty liver 
disease (NAFLD) and metabolic syndrome are 
among the disorders that are associated with 
changes in liver enzymes. Elevated alanine 
aminotransferase (ALT) and aspartate 
aminotransferase (AST) are markers of liver injury 
and steatosis (1). ALT is related to insulin 
resistance, which plays a special role in metabolic 
syndromes (2). Also, metabolic diseases are 
strongly correlated with atherosclerosis and 
cardiovascular disease (1,3). Cardiovascular 
diseases account for most deaths from non-
communicable disease (approximately 17.5 
million deaths annually)(4). 
Several conditions that hurt liver tissue may 
elevate the levels of functional liver enzymes in 
serum such as ALT and AST. One of the most 
common diseases that elevate liver enzymes is 
NAFLD that is the buildup of extra fat in liver 
cells that is not caused by alcohol (5). This 
condition is usually associated with obesity 
specially central adiposity, type 2 diabetes 
mellitus, hyperlipidemia and oxidative stress (6, 
7). 
Lifestyle and environmental factors affect 
these diseases. Diet as an alterable factor is a 
major part of environmental factors (8). A low 
calorie diet, one which is high in fiber and protein, 
has a beneficial effect on hepatic steatosis with 
reductions of the liver enzymes, serum lipids and 
body composition parameters (9). A hypocaloric 
diet enriched with almonds reduced body weight 
and improved ALT and AST serum levels (10). 
Daily chocolate consumption lowered serum ALT 
in a healthy population (11). Some dietary patterns 
rich in fruits and vegetables like the Nordic diet 
and the Dietary Approaches to Stop Hypertension 
(DASH) diet were associated with decreasing 
incidence of hypertension, abdominal obesity, 
lipid profile and high fasting plasma glucose (12, 
13). 
Vegetables and fruits have some 
characteristics that may seem to be beneficial for 
liver health. For example some of the beneficial 
caractristics of fruits and vegetables are their low 
energy but high fiber, vitamins and minerals of 
them (14). 
The nutrient content of fruits and vegetables 
probably has an impact on liver function and liver 
enzyme levels (15). On the other hand, these food 
groups are rich in antioxidants, which have 
beneficial effects in the prevention and treatment 
of metabolic diseases (16). There are few studies 
about special dietary effects such as fruits and 
vegetables on liver function. This, study evaluated 
the association of vegetable and fruit intake with 
liver enzymes, body composition, lipid profile, 
fasting blood glucose and hs-Crp. 
 
MATERIALS AND METHODS  
A total of 265 individuals (139 females and 126 
males) aged from 18 to 55 years participated in 
this cross-sectional study. The study population 
was collected from all the regions of Central and 
West Tehran, using community-based sampling 
based on cluster sampling. All cases signed an 
informed consent for taking part in the study. 
Subjects were chosen according to the following 
inclusion and exclusion criteria: 
Inclusion criteria are aged 18–55 years, no 
alcohol or drug abuse, absence of any acute or 
chronic inflammatory disease, no history of 
hypertension, and not being pregnant. Exclusion 
criteria are alcohol or drug abuse, history of 
hypertension, being pregnancy, current smoker, 
having hepatic diseases such as viral hepatitis, 
thyroid, renal or cardiovascular diseases, heart 
failure, malignancies, diabetes mellitus, being in 
any acute or chronic inflammatory state that 
affects inflammatory markers, and having any 
kind of infection. 
This study was approved by the local Ethics 
Committee of the Endocrinology and Metabolism 
Research Center of Tehran University of Medical 
Sciences (Ethics number: 93-04-161-27722-
149580). 
Anthropometric assessments: Weight and height 
were measured in light clothing and barefoot 
respectively. Waist circumference was measured 
in the slimmest area while subjects were at the end 
of a normal exhalation by a non-elastic tape with 
accuracy of 0.1 cm. Hip circumference was 
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measured in the largest part of the hip over light 
clothing. 
Complete body composition analysis: The body 
composition of all subjects was assessed with the 
use of Body Composition Analyzer BC-418MA - 
Tanita (United Kingdom). This equipment has 
been designed to send out a very weak electric 
current which measures the impedance (electrical 
resistance) of the body. Participants were barefoot 
when they were assessed by this device. We 
avoided taking measurements after vigorous 
exercise and waited until the subjects had rested 
sufficiently, in order to prevent possible 
discrepancies in measured values. Measurements 
were also performed in the morning in a fasting 
condition (always urinating before taking 
measurements, etc.). The device calculated body 
fat percentage, fat mass and fat free mass (FFM), 
and predicted muscle mass on the basis of data 
using Bioelectrical Impedance Analysis (BIA). 
The main outputs of the device are BMI, fat 
percent, fat mass, FFM and visceral fat levels.  
Dietary intake assessment and blood pressure 
measurement: Participants consumed their usual 
diet. They were instructed to fill in a147-item food 
frequency questionnaire (FFQ) that had been 
validated by previous studies (17). Questionnaires 
were completed in the presence of a trained 
dietitian. Data were recorded in household 
measures and servings, then later, converted into 
grams and milliliters. Dietary intake data were 
analyzed using the NUTRITIONIST 4 (First Data 
Bank, San Bruno, CA) food analyzer. 
Blood pressure measurement: Blood pressure 
was measured by the Automatic Inflate Blood 
Pressure Monitor (Samsung BA507S automatic 
digital blood pressure monitor, Samsung America, 
Inc.). Blood pressure for all participants was 
measured after a 15-min rest in a chair-seated 
position by the same person. 
Blood sampling and biochemical parameters: 
All of the participants were referred to Shariati 
Hospital’s Outpatient Clinic. Blood samples were 
obtained after 10 to 12 hours of overnight fasting. 
All baseline blood samples were obtained between 
8:00 and 10:00 am. After centrifuging, the serum 
was isolated and stored at a temperature of 80ºC. 
All assessments were performed at the 
Endocrinology and Metabolism Research Center 
Laboratory of Shariati Hospital. Assessments were 
as follows: 
Fasting Blood Sugar (FBS) levels were 
measured by a colorimetric method based on the 
glucose oxidase phenol 4-Aminoantipyrine 
Peroxidase (GOD/PAP) method. Triglyceride 
measurements were performed using the enzyme 
glycerol-3-phosphate oxidase Phenol 4-
Aminoantipyrine Peroxidase (GPO-PAP) method. 
Total cholesterol (TC) levels, direct low-density 
lipoprotein (LDL) and high-density lipoprotein 
(HDL) cholesterol were determined by the 
enzymatic endpoint method and enzymatic 
clearance assay, respectively. 7Randox 
Laboratories kits (Randox Laboratories Ltd., 
Ardmore, UK) were used for all evaluations. 
Serum high-sensitivity C-reactive protein (hs-
Crp), aproinflammatory marker, was evaluated 
using a high-sensitivity immunoturbidimetric 
assay (Hitachi 902 analyzer; Hitachi Ltd., Tokyo, 
Japan). Serum alanine aminotransferase (ALT) 
and aspartate aminotransferase (AST) were 
determined by an automatic analysis system 
(Autoanalyzer; Hitachi Ltd, Tokyo, Japan) with a 
Randox laboratories kit. 
Statistical analysis: All statistical analysis was 
performed using SPSS 16 (SPSS Inc., Chicago, 
IL). The values were expressed as mean ±standard 
deviation. The Kolmogorov-Smirnov test was 
used to assure for normal distributions. Pearson's 
correlation coefficient was used to identify the 
degree of correlation between vegetable and fruit 
intake and anthropometric and biochemical 
measurements. Quartile relationships for each 
variable were evaluated from Post-Hoc analyzes 
through Tukeys’ procedure after using the 
ANCOVA test. Total intake of fruit and vegetable 
were adjusted for total calorie intake through 
residual methods in linear regression. In addition, 
binary logistic regression was used to predict the 
relationship between liver enzymes and quartiles 
of intake after adjusting for confounder variables. 
The level of significance was considered as 
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A total of 265 participants (126 men, 139 women) 
aged 18-55 years were recruited in the study. The 
mean age (± SD)of the participants was 35 ± 8.78, 
and the mean BMI was 25.93. The mean (± SD) 
total calorie intake was 2210.64 ± 607.44 kcal/d. 
The mean (± SD) intakes of vegetables, fruit and 
juices were 242.28 ± 146.98, 208.48 ± 154.95 and 
14.79 ± 27.64 g/d, respectively. Table 1 shows the 
description of demographic-anthropometrics and 
biochemical characteristics in this population.  
Table 1: Description of demographic-anthropometrics and biochemical characteristics (N=265) 
Variable Mean ± Std. Deviation Minimum Maximum 
Age (years) 35.08 ± 8.789 18 55 
Weight (kg) 73.5144 ± 15.66475 36.50 142.00 
Height (cm) 167.5569 ± 13.96938 1.79 193.50 
BMI (kg/m
2
) 25.9325 ± 4.89634 14.62 46.22 
Waist (cm) 88.8048 ± 12.50951 58.00 130.00 
Hip (cm) 102.6235 ± 9.57406 68.00 144.00 
Visceral fat rating 5.5203 ± 3.40552 1.00 17.00 
Fat percent (%) 25.5923 ± 9.37635 2.40 48.20 
Basal Metabolic Rate 1603.3402 ± 324.27466 1050.00 2676.00 
SBP (mmHg) 11.9466 ± 1.28853 9.00 17.30 
DBP (mmHg) 7.7393 ± 0.91057 5.00 10.90 
FBS (mmol/L) 94.1023 ± 18.51772 73.00 292.00 
TG (mmol/L) 126.0417 ± 96.01791 32.00 726.00 
TC(mg/dL) 184.5871 ± 40.33255 109.00 433.00 
HDL-C (mg/dL) 48.7803 ± 11.68035 20.00 84.00 
LDL (mg/dL) 101.2841 ± 27.22025 44.00 282.00 
AST (Iu/L) 20.4659 ± 6.82750 5.00 70.00 
ALT (Iu/L) 17.0530 ± 10.97028 4.00 121.00 
hs-CRP (mg/L) 2.3381 ± 3.34809 0.10 20.00 
 
The correlation coefficient of triglycerides for fruit 
was – 0.14 (P= 0.025) before adjustment for age, 
sex and weight. However, none of the variables 
had a correlation with fruit intake after adjusting 
for confounding factors. Before adjustment for the 
mentioned variables, the correlation coefficients of 
age and height for vegetables were 0.24 (P< 
0.001) and 0.15 (P= 0.015), respectively. Also, the 
correlation coefficients of fat percent and ALT for 
vegetables were 0.20 (P< 0.001) and 0.15 (P= 
0.012), respectively. Table 2 shows partial 
correlation coefficients for the association of 
anthropometric variables, biochemical variables 
and blood pressure with fruit and vegetable intake, 
after controlling for confounding factors, 
including age, sex and weight. 
Table 3 and table 4 show descriptions of the 
characteristics among the quartiles of vegetable 
and fruit intakes. Fat percent and ALT serum level 
showed significant relationships with vegetable 
intake (p = 0.004 and 0.001, respectively) before 
adjusting for confounders, but there was not any 
significant relationship between them after 
adjusting for confounders. In the higher quartiles 
of vegetables, LDL serum levels and total 
cholesterol were lower after adjustment (p = 0.03 
and 0.02, respectively).  
HDL and DBP both had a significant 
relationship with fruit intake. Liver enzymes had 
no significant relationship with the quartiles of 
fruit intake. In the higher quartiles of fruits, the 
visceral fat rating was lower after adjustment (p = 
0.04)
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Table 2: Correlation coefficient for association of anthropometric variables, biochemical variables and 
blood pressure with fruit and vegetable intake. 
 
Variable Vegetable  Fruit 
r p  r p 
Height (cm) 0.087 0.242  0.073 0.329 
Waist (cm) -0.045 0.542  -0.074 0.318 
Hip (cm) -0.078 0.295  -0.034 0.643 
Fat percent (%) -0.018 0.805  0.0001 0.992 
Visceral fat rating -0.043 0.564  -0.117 0.114 
FBS (mmol/L) 0.080 0.280  0.049 0.510 
TG (mmol/L) -0.20 0.790  -0.064 0.390 
TC (mg/dL) -0.148 0.046  0.104 0.161 
HDL (mg/dL) -0.051 0.494  0.011 0.886 
LDL (mg/dL) -0.137 0.064  0.121 0.103 
hs-CRP (mg/L) 0.130 0.079  0.056 0.452 
AST (Iu/L) -0.116 0.116  0.029 0.699 
ALT (Iu/L) -0.171 0.021  0.072 0.332 
SBP (mmHg) 0.017 0.823  0.045 0.541 
DBP (mmHg) -0.041 0.582  0.006 0.940 
 
Table 3: Description of characteristics among quartiles of vegetables intake 
 
Variable Q1# 
Mean ± SD 
Q2 
Mean ± SD 
Q3 
Mean ± SD 
Q4 
Mean ± SD 
P P٭ 









  Anthropometric        
BMI (kg/m
2
) 25.99  5.20 25.83 ± 4.80 25.64 ± 5.31 25.94 ± 4.15 0.978 0.09 
Waist (cm) 89.83 ± 13.65 88.58 ± 12.00 88.10 ± 13.72 87.68 ± 10.63 0.796 0.67 
Hip (cm) 102.42 ± 10.74 102.35 ± 7.93 102.25± 10.71 102.69 ± 8.57 0.995 0.84 
Fat percent (%) 22.80 ± 9.62
d 
24.15 ± 9.82 26.57 ± 8.31 28.39 ± 8.55
d 
0.004 0.60 
Visceralfatrating 5.19 ± 3.71 5.78 ± 3.34 5.22 ± 3.22 5.62 ± 3.19 0.711 0.50 
   Biochemical       
FBS(mmol/L) 93.07 ± 17.39 93.37 ± 9.73 91.49 ± 8.52 98.14 ± 30.43 0.216 0.17 
TG (mmol/L) 130.75 ± 82.45 138.21 ± 97.46 117.03± 92.64 114.12±91.98 0.396 0.61 
TC (mg/dL) 186.09 ± 45.48 187.75 ± 35.38 186.01± 40.36 176.32±33.65 0.333 0.02 
HDL (mg/dL) 47.09 ± 10.64 47.62 ± 12.20 49.19 ± 12.41 50.89 ± 11.33 0.251 0.58 
LDL (mg/dL) 103.07 ± 31.77 102.92 ± 22.17 102.93± 27.61 94.76 ± 22.83 0.202 0.03 
AST(Iu/L) 22.31 ± 7.95 19.78 ± 6.04 19.60 ± 6.13 19.53 ± 6.04 0.050 0.27 









hs-CRP (mg/L) 2.68 ± 3.80 1.70 ± 2.57 2.12 ± 2.73 2.70 ± 4.00 0.268 0.89 
SBP (mmHg) 12.00 ± 1.40 11.90 ± 1.16 11.86 ± 1.29 11.96 ± 1.35 0.936 0.45 
DBP (mmHg) 7.80 ± 0.96 7.73 ± 0.93 7.63 ± 1.00 7.72 ± 0.76 0.802 0.43 
 
# Quartiles of vegetables intake; *p value reported after adjusting age, sexand weight with ancova model 
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Mean ± SD 
Q2 
Mean ± SD 
Q3 
Mean ± SD 
Q4 
Mean ± SD 
P P٭ 









   Anthropometric        
BMI (kg/m
2
) 26.39 ± 5.22 25.41 ± 4.48 25.21 ± 4.34 26.37 ± 5.29 0.377 0.42 
Waist (cm) 90.45 ± 12.90 88.25 ± 12.07 86.91 ± 12.28 88.57 ± 12.71 0.482 0.51 
Hip (cm) 103.60 ± 10.63 101.16 ± 9.07 101.81 ± 8.36 103.14 ± 9.82 0.463 0.41 
Fat percent (%) 25.06 ± 9.32 23.48 ± 9.35 25.80 ± 8.06 27.62 ± 10.12 0.104 0.38 
Visceralfatrating 5.79 ± 3.53 5.65 ± 3.49 5.00 ± 3.06 5.37 ± 3.37 0.583 0.04 
   Biochemical       
FBS(mmol/L) 91.31 ± 8.36 95.64 ± 18.79 92.29 ± 9.61 96.92 ± 29.95 0.279 0.10 
TG (mmol/L) 150.53 ± 116.21 124.37 ± 79.56 116.93 ± 95.55 108.14 ± 60.64 0.053 0.05 
TC (mg/dL) 182.89 ± 49.15 183.48 ± 33.74 183.14 ± 29.57 186.68 ± 41.56 0.943 0.54 
HDL (mg/dL) 44.79 ± 9.26 50.06 ± 11.83 50.40 ± 13.27 49.53 ± 11.41 0.021 0.28 
LDL (mg/dL) 100.54 ±32.54 99.79 ±21.92 99.93 ±19.72 103.42 ±30.02 0.855 0.36 
AST(Iu/L) 20.67 ± 6.57 20.45 ± 5.40 19.29 ± 4.64 20.82 ± 9.20 0.559 0.59 
ALT(Iu/L) 17.03 ± 7.93 16.76 ± 9.09 15.82 ± 7.54 18.57 ± 17.15 0.574 0.11 
hs-CRP (mg/L) 2.27 ± 3.03 2.14 ± 3.59 1.75 ± 1.96 3.04 ± 4.28 0.166 0.37 
SBP (mmHg) 12.15 ± 1.27 11.84 ± 1.19 11.78 ± 1.52 11.95 ± 1.17 0.429 0.73 
DBP (mmHg) 7.97 ± 0.94 7.59 ± 0.85 7.55 ± 0.99 7.78 ± 0.80 0.042 0.19 
#Quartiles of vegetables intake; *p value reported after adjusting age, sex and weight with ancova model 
 
 
AST and ALT relationship with quartiles of 
vegetables and fruits intake is shown in Table 5 
and Table 6 by two models. ALT had a significant 
relationship with the quartiles of vegetable intake 
after adjusting for confounders in both models. 
Liver enzymes had no significant relationship with 
the quartiles of fruits intake, after adjusting for 
confounders.  
 
Table 5: Relationship between liver enzymes and quartiles of vegetable intake 
variable 
 
AST Ptrend ALT Ptrend 
OR (95%CI) P OR (95%CI) P 
Crude Model    0.007   < 0.001 
 Q1 1  1  
Q2 0.44 (0.20-0.96) 0.03 0.36 (0.16-0.77) 0.009 
Q3 0.41 (0.19-0.90) 0.02 0.33 (0.15-0.73) 0.006 
Q4 0.33 (0.15-0.75) 0.008 0.21 (0.08-0.49) <0.001 
Model 1
 ٭




Q1 1  1  
Q2 0.48 (0.22-1.05) 0.06 0.38 (0.16-0.86) 0.02 
Q3 0.55 (0.24-1.23) 0.15 0.50 (0.21-1.19) 0.11 
Q4 0.50 (0.21-1.18) 0.11 0.39 (0.15-0.99) 0.04 
Model2
 ٭٭





  0.042 
 
 
Q1 1  1  
Q2 0.49 (0.22-1.12) 0.09 0.37 (0.15-0.89) 0.02 
Q3 0.53 (0.23-1.25) 0.15 0.45 (0.18-1.12) 0.08 
Q4 0.47 (0.19-1.17) 0.10 0.32 (0.12-0.90) 0.03 
,adjusted for sex ٭  adjusted for sex, age and weight  ٭٭
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Table 6: Relationship between liver enzymes and quartiles of fruit intake 
variable AST Ptrend ALT Ptrend 
OR (95%CI) P  OR (95%CI) P  
Crude Model   0.788   0.859 
Q1 1  1  
Q2 1.08 (0.49-2.35) 0.84 0.77 (0.34-1.74) 0.53 
Q3 0.92 (0.41-2.03) 0.84 0.92 (0.41-2.03) 0.84 
Q4 0.94 (0.42-2.08) 0.88 1.02 (0.46-2.24) 0.95 
Model 1
 ٭
  0.623   0.143 
Q1 1  1  
Q2 1.04 (0.47-2.33) 0.90 0.70 (0.29-1.67) 0.42 
Q3 1.11 (0.48-2.53) 0.80 1.29 (0.53-3.10) 0.56 
Q4 1.22 (0.53-2.81) 0.63 1.71 (0.70-4.15) 0.23 
Model 2
 ٭٭
  0.572   0.123 
Q1 1   1   
Q2 1.04 (0.46-2.35) 0.92 0.70 (0.28-1.71) 0.44 
Q3 1.13 (0.49-2.60) 0.75 1.36 (0.56-3.31) 0.49 
Q4 1.25 (0.54-2.89) 0.59 1.78 (0.72-4.40) 0.20 




In this cross-sectional study of healthy subjects, 
the main result seen was the significant 
relationship between vegetable intake and reduced 
ALT, whereas no significant association was 
shown with AST. As some studies had shown a 
significant weight effect on liver enzymes(18), we 
examined the significant relationship between 
ALT and vegetable intake after weight adjustment. 
There was no association between fruit intake and 
liver function tests. Overall, there was no 
significant association between fruit intake and 
any single variable in the study, but total 
cholesterol and ALT were reduced by vegetable 
intake.  
Diet and weight loss are important factors in 
improving liver enzymes (19). Ekhlasi et al. 
observed that liver function enzymes decreased 
and total antioxidant capacity increased in Non-
Alcoholic Fatty Liver Disease (NAFLD) patients 
who consumed pomegranate juice as an 
antioxidant and polyphenol-rich source (20). 
Abazarfard et al. showed decreased ALT and AST 
in overweight and obese women by an almond-
enriched diet, as a good source of fiber and 
antioxidants (10). Nanri et al. elucidated an 
inverse relationship between Serum Gamma-
Glutamyl Transferase (GGT as one of liver 
enzymes) and a healthy dietary pattern (rich in 
fruits and vegetables) (21). A Mediterranean 
dietary pattern-rich in vegetables and fruit-reduced 
serum GGT (1).    
Fruits and vegetables are major sources of 
antioxidants, polyphenols, fiber, vitamins and 
minerals. Several studies have demonstrated an 
inverse relationship between GGT and dietary 
antioxidants(22, 23). On the other hand, oxidative 
stress can elevate some liver enzymes like GGT 
(24),so vegetable antioxidants can reduce it. 
According to some results, the combined 
antioxidant effect on health outcomes is better 
than every individual one of them(25). As well as 
Vegetables are also a good source of magnesium, 
which showed an adverse relation with liver 
function enzymes (26,27).  
Total cholesterol and LDL were reduced in 
higher quartiles of vegetable intake, and HDL 
cholesterol increased with higher fruit intake in 
this study. A hypo-caloric high-fiber diet had 
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reduced LDL cholesterol (9). HDL cholesterol 
was increased in high quartiles of fruit intake; 
however, some studies showed conflicting results 
with a hypo-caloric, high-fiber diet (28,29).    
Fat percent had no significant association 
with vegetables, but visceral fat rating was 
reduced in the higher quartiles of fruit intake. 
Nanri et al. demonstrated that body mass index 
(BMI) was lower in people with a higher intake of 
a healthy dietary pattern rich in fruits and 
vegetables (21). BMI was lower in an almond-
enriched diet compared with a nut-free diet (10).  
To our knowledge, this is the first study that 
assessed the relationship between fruit and 
vegetable intake and liver function enzymes. The 
strengths of the study were its large population 
and its adjustment for some major confounders. 
Also, liver function was only assessed by 
measuring ALT and AST, not other liver enzymes. 
Computed tomography scans, liver biopsies and 
magnetic resonance scanning are other key 
methods to further evaluate liver function. 
Certainly, more studies on different age ranges 
and racial groups, as well as some randomized 
trials, will be able to reveal better casual 
associations.  
In conclusion, our findings suggest a 
significant relationship between vegetable intake 
and reduced ALT. Further randomized clinical 
trials and observational prospective studies are 
needed to confirm the relationship between 
vegetable and fruit intake and liver function. 
 
ACKNOWLEDGMENTS 
The authors are grateful to all participants in the 
study. We would like acknowledge Tehran 
University of Medical Sciences because of 
funding to conduct this study. This study was 
supported by grant of Tehran University of 










1. Tzima N PC, Panagiotakos DB, Chrysohoou 
C, Polychronopoulos E, Skoumas J, et al. 
Adherence to the Mediterranean diet 
moderates the association of 
aminotransferases with the prevalence of the 
metabolic syndrome; the ATTICA study. Nutr 
Metab (Lond). 2009;6:30. 
2. Wallace TM UK, Tong J, Carr DB, Zraika S, 
Bankson DD, Knopp RH, Kahn SE. 
Relationship of liver enzymes to insulin 
sensitivity and intra-abdominal fat. Diabetes 
Care. 2007;30:2673–78. 
3. Ruth Chan VW-SW, Winnie Chiu-Wing Chu, 
Grace Lai-Hung Wong, Liz Sin Li, Jason 
Leung et al. Diet-Quality Scores and 
Prevalence of Nonalcoholic Fatty Liver 
Disease: A Population Study Using Proton-
Magnetic Resonance Spectroscopy. PLoS 
One. 2015;10(9):e0139310. 
4. Joshi R, Jan S, Wu Y, MacMahon S. Global 
inequalities in access to cardiovascular health 
care: our greatest challenge. Journal of the 
American College of Cardiology. 
2008;52(23):1817-25. 
5. Smith BW, Adams LA. Non-alcoholic fatty 
liver disease. Critical reviews in clinical 
laboratory sciences. 2011;48(3):97-113. 
6. Angulo P. Nonalcoholic fatty liver disease. 
New England Journal of Medicine. 
2002;346(16):1221-31. 
7. VIDELA LA, Rodrigo R, Orellana M, 
Fernandez V, Tapia G, Quinones L, et al. 
Oxidative stress-related parameters in the 
liver of non-alcoholic fatty liver disease 
patients. Clinical Science. 2004;106(3):261-
8. 
8. Wong VW CR, Wong GL, Cheung BH, Chu 
WC, Yeung DK, et al Community-based 
lifestyle modification programme for non-
alcoholic fatty liver disease: A randomized 
controlled trial. J Hepatol. 2013;59:536–42. 
9. Arslanow A TM, Walle H, Grünhage F, 
Lammert F, Stokes CS. . Short-Term 
Hypocaloric High-Fiber and High-Protein 
Diet Improves Hepatic Steatosis Assessed by 
              
             The Associationbetween Fruit and Vegetable Intake…                                 Mehdi M. et al.                                       
 
 
DOI:  http://dx.doi.org/10.4314/ejhs.v27i4.11 
 
409
Controlled Attenuation Parameter. . Clin 
Transl Gastroenterol. 2016 7(6):e176. 
10. Abazarfard Z EG, Salehi M, Keshavarzi S. A 
Randomized Controlled Trial of the Effects 
of an Almond-enriched, Hypocaloric Diet on 
Liver Function Tests in Overweight/Obese 
Women. Iran Red Crescent Med J. 2016 
18(3):e23628. 
11. Alkerwi A SN, Crichton GE, Elias MF, 
Stranges S. Daily chocolate consumption is 
inversely associated with insulin resistance 
and liver enzymes in the Observation of 
Cardiovascular Risk Factors in Luxembourg 
study. Br J Nutr 2016 115(9):1661-8. 
12. Asghari G YE, Mirmiran P, Hooshmand F, 
Najafi R, Azizi F. Dietary Approaches to 
Stop Hypertension (DASH) Dietary Pattern 
Is Associated with Reduced Incidence of 
Metabolic Syndrome in Children and 
Adolescents. J Pediatr. 2016 174:178-84.e1. 
13. Lankinen M SU, Kolehmainen M, Paananen 
J, Nygren H, Seppänen-Laakso T et al. A 
Healthy Nordic Diet Alters the Plasma 
Lipidomic Profile in Adults with Features of 
Metabolic Syndrome in a Multicenter 
Randomized Dietary Intervention. J Nutr. 
2016 9:pii: jn220459. 
14. Liu RH. Health benefits of fruit and 
vegetables are from additive and synergistic 
combinations of phytochemicals. The 
American journal of clinical nutrition. 
2003;78(3):517S-20S. 
15. Xianlei Cai XL, Wenjie Fan, Wanqi Yu, Shan 
Wang, Zhenhong Li et al. Potassium and 
Obesity/Metabolic Syndrome: A Systematic 
Review and Meta-Analysis of the 
Epidemiological Evidence. Nutrients. 2016 
8(4):183. 
16. Gao M ZZ, Lv P, Li Y, Gao J, Zhang M, 
Zhao B. Quantitative combination of natural 
anti-oxidants prevents metabolic syndrome 
by reducing oxidative stress. Redox Biol. 
2015 6:206- 
17. Esfahani FH AG, Mirmiran P, Azizi F. 
Reproducibility and relative validity of food 
group intake in a food frequency 
questionnaire developed for the Tehran Lipid 
and Glucose Study. J Epidemiol. 
2010;20:150-8. 
18. Wang RT KR, Yee HF. Is weight reduction 
an effective ther¬apy for nonalcoholic fatty 
liver? A systematic review. Am J Med. 
2003;115(7):554–9. 
19. Rafiq N YZ. Effects of weight loss on 
nonalcoholic fatty liver disease. Health. 
2008;18:4. 
20. Ekhlasi G SF, Agah S, Merat S, Hosseini AF. 
Effects of Pomegranate and Orange Juice on 
Antioxidant Status in Non-Alcoholic Fatty 
Liver Disease Patients: A Randomized 
Clinical Trial. Int J Vitam Nutr Res. 2016 
14:1-7. 
21. Nanri H HM, Nishida Y, Shimanoe Ch, 
Nakamura K, Higaki Y et al. Dietary Patterns 
and Serum Gamma-Glutamyl Transferase in 
Japanese Men and Women. J Epidemiol. 
2015;25(5):378-86. 
22. Lee DH GM, Jacobs DR Jr. Cardiovascular 
Risk Development in Young Adults Study 
Association of serum carotenoids and 
tocopherols with gamma-
glutamyltransferase: the Cardiovascular Risk 
Development in Young Adults (CARDIA) 
Study. Clin Chem. 2004;50(3):582–8. 
23. Lee DH SL, Jacobs DR Jr. Association 
between serum gamma-glutamyltransferase 
and dietary factors: the Coronary Artery Risk 
Development in Young Adults (CARDIA) 
Study. Am J Clin Nutr. 2004;79(4):600–5. 
24. Lee DH BR, Jacobs DR Jr Is serum gamma 
glutamyltransferase a marker of oxidative 
stress? Free Radic Res. 2004;38(6):535–9. 
25. M. Kutlu MN, H.Simşek, T.Yilmaz, A.Sahap 
Kükner. Moderate exercise combined with 
dietary vitamins C and E counteracts 
oxidative stress in the kidney and lens of 
streptozotocin- induced diabetic rat. IntJ 
Vitam Nutr Res. 2005;75:71–80. 
26. Gullestad L DL, Soyland E, Manger AT, 
Falch D, Kjekshus J. Oral magnesium 
supplementation improves metabolic 
variables and muscle strength in alcoholics. 
Alcohol Clin Exp Res. 1992;16(5):986–90. 
               
  Ethiop J Health Sci.                               Vol. 27, No. 4                     July 2017 
 
 




27. Poikolainen K AH. Magnesium treatment in 
alcoholics: A randomized clinical trial. Subst 
Abuse Treat Prev Policy. 2008;3:1. 
28. Jazet IM dCA, van Schie EM et al. Sustained 
beneficial metabolic effects 18 months after a 
30-day very low calorie diet in severely 
obese, insulin-treated patients with type 2 
diabetes. Diabetes Res Clin Pract. 
2007;77:70–6. 
29. Lammert A KJ, Selhorst J et al. Clinical 
benefit of a short term dietary oatmeal 
intervention in patients with type 2 diabetes 
and severe insulin resistance: a pilot study. 





                                                                                                        
 
 
 
 
 
 
 
 
 
 
 
 
 
